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ABSTRACT. The United States and various Eu-
ropean Union nations have used vessel buyout
programs to reduce harvesting capacity in � sher-
ies. In this paper, we present an analysis of the
U.S. Northeast ground� sh vessel buyout program.
Using data envelopment analysis (DEA), we cal-
culate capacity for both the � eet and for the ves-
sels removed through the buyout program. Our
analysis suggests that if capacity measures had
been used to select vessels, both more capacity
and more vessels could have been purchased with
the funds allocated to the buyout program. We
conclude with a discussion of alternative ways to
reduce capacity in � sheries. (JEL Q22)

I. INTRODUCTION

The levels of capacity and excess capacity
are important issues for � sheries manage-
ment. The United Nations Food and Agri-
culture Organization’s (FAO) Code of Con-
duct for Responsible Fisheries, which was
adopted in 1995, called on nations to reduce
capacity to levels more aligned with avail-
able resources (Kirkley and Squires 1999). In
the United States, the Sustainable Fisheries
Act (SFA) required the Secretary of Com-
merce1 to form a task force to study the role
of the federal government in ‘‘subsidizing
the expansion and contraction of � shing ca-
pacity in � shing � eets under the Magnuson
Fishery Conservation and Management Act’’
(National Marine Fisheries Service 1999).
These actions focused considerable atten-
tion, both domestically and internationally,
on measuring � shing � eet capacity, and de-
termining ways to reduce capacity.

The term—capacity—has been widely
used and examined by the FAO and the Na-
tional Marine Fisheries Service (NMFS). The
Sustainable Fisheries Act and the FAO’s
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Code of Conduct for Responsible Fisheries
provide extensive discussion about capacity.
Yet, the basic tenet of capacity is dif� cult to
de� ne. In very simple terms, capacity repre-
sents the productive potential of a � rm or in-
dustry. More formally, capacity represents
the productive potential of utilizing the avail-
able input stocks. The measure of capacity is
typically in terms of the maximal, optimal, or
potential output producible from the stocks.

It is important to stress that the mere pres-
ence of a particular capacity level for a given
� shing � eet does not automatically mean that
over-� shing will occur; rather it is the failure
to restrict harvests to appropriate levels that
leads to over-� shing. In � sheries where regu-
lations have prevented over-� shing, there has
been a tendency to have economic waste in
the form of excess productive capacity and
higher than necessary production costs (i.e.,
more productive capacity and utilization of
the variable factors of production than are
necessary) (Food and Agriculture Organiza-
tion 2000). For � sheries that are over� shed,
reducing harvests without subsequent reduc-
tions in industry capacity, leads to a � eet
with a very low capacity utilization rate. In
either situation, aligning industry capacity
with appropriate removal rates should yield
both biologically sound � sh stocks, and im-
proved industry earnings, provided all other
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inputs are strictly controlled. However, there
is little or no institutional structure to allow
� shing capacity to be aligned with resource
levels. One approach, which has been in-
creasingly utilized on a worldwide basis to
reduce � shing capacity, is the buyout or buy-
back program. With the buyback program,
either the government directly purchases
vessels using public funds or provides low-
interest loans to industry for the purchase of
decommissioning vessels.

A comprehensive study of several buyout
programs used by different nations con-
cluded that buyout programs generally result
in targeted welfare or income redistribution
(Gates, Holland, and Gudmundsson 1996).
Gates, Holland, and Gudmundsson (1996)
suggests that there are three general goals of
buyout programs: 1) conservation of � sh
stocks; 2) improvement in economic ef� -
ciency; and 3) enabling transfer payments to
the � shing industry. Additionally, they point
out that most vessel or license buyout pro-
grams originate in response to a crisis, and
that conservation gains are often over-
whelmed by input stuf� ng and input substitu-
tion.

The U.S. Government Accounting Of� ce
(GAO) recently completed a study that eval-
uated the long-term effectiveness of three
buyout programs in the United States (GAO
2000). A major objective of the GAO study
was to evaluate ‘‘the extent to which buyout
programs have affected � shing capacity.’’
The GAO studied vessel buyouts in the
Northeast ground� sh � shery, the Bering Sea
ground� sh � shery, and the Washington State
salmon � shery. Between 1995 and 2000, the
United States expended approximately $130
million (U.S.) to reduce capacity in the three
� sheries. The Northeast and Bering Sea2 ca-
pacity reduction programs removed vessels,
while the Washington State salmon � shery
buyout program removed permits.

The buyout programs were designed with
multiple goals such as reducing the capacity
to harvest � sh; providing economic assis-
tance to � shers; and improving the conserva-
tion of � sh (GAO 2000). The GAO criticized
the Bering Sea and Washington State buyout
programs because NMFS didn’t evaluated
the programs or measure the capacity re-

moved by the buyouts. The Northeast pro-
gram was criticized because it allowed � sh-
ermen who were bought out to re-enter the
� shery through the purchase of other vessels,
primarily those that were inactive, and there
were no measures in place to prevent inactive
vessels from increasing their effort, thereby
eroding conservation bene� ts. In all three
cases, however, the potential conservation
bene� ts of the buyout were not explicitly es-
timated before the programs were imple-
mented.

In this paper, we present a limited assess-
ment of the Northeast ground� sh buyout pro-
gram. We initially present several de� ni-
tions of capacity and provide an overview of
the Northeast buyout program. We then in-
troduce data envelopment analysis (DEA),
and the Färe, Grosskopf, and Kokkelenberg
(FKG) (1989) approach for estimating Jo-
hansen’s concept of capacity. Next, we illus-
trate the use of DEA to estimate capacity of
the ground� sh � eet. We then offer a discus-
sion about the amount of capacity believed to
have been reduced with the buyout program
versus the amount of capacity that might
have been reduced if NMFS had a priori esti-
mates of capacity.

We conclude that had NMFS initially esti-
mated capacity and developed the capacity
reduction program based on the empirical es-
timates of capacity, the agency may have
been able to reduce slightly more capacity
from the � shery than was reduced under the
program. We also conclude that, even though
the buyout program reduced the level of ca-
pacity in the � eet, the level of capacity actu-
ally reduced was inadequate relative to stated
conservation goals. In all appearances, the
buyout program was little more than a trans-
fer payment program, which would be the
predicted outcome of Gates, Holland, and
Gudmundsson (1996) and Holland, Gud-
mundsson, and Gates (1999). The remaining
� eet had substantial capability to expand
days at sea beyond the level believed to be

2 The American � sheries Act requiredNMFS to pur-
chase 9 of 30 factory trawlers and their associated per-
mits in the � shery. The buyout cost was $90.2 million
with 15.2 million from federally appropriated funds and
the remaining $75 million from a federal loan to Alaska
pollock � shermen (GAO 2000).
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consistent with sustainable resource exploita-
tion. We further argue that future buyout pro-
grams should address latent effort, reentry
into the � shery, and entry into other � sheries.
Moreover, other management and regulatory
measures will likely need to be imposed on
� sheries even if capacity has been reduced;
that is, a buyoutprogram that matches capac-
ity to resource levels, but without additional
restrictions on � shing, will not prevent capi-
tal stuf� ng, and subsequently, again allow
for excess capacity. Last, we offer that even
though the level of capacity reduction that
would have been achieved using a capacity
based model are approximately equal to the
level actually reducedby the Northeastbuyout
program, having estimates of capacity helps
ensure a more cost-effective capacity reduc-
tionprogramby focusing onmaximumcapac-
ity reduction per given level of expenditure.

II. CAPACITY CONCEPTS

At the time the various buyout programs
were designed and implemented, no formal
de� nition of capacity had been adopted by
NMFS, and no methods had been developed
to estimate � shing capacity. Numerous theo-
retical de� nitions were available, but few
could be made operational for the purpose of
implementing capacity reduction programs in
� sheries. The GAO criticized NMFS because
the agency had not developed an operational
de� nition of capacity; had not estimated ca-
pacity removed in two out of three buyout
programs; and had not developed better
methods to estimate � shing capacity. This
led to the creation of a NMFS task force,
which adopted four de� nitions of capacity
consistent with the existing methodologies
for estimating capacity (National Marine
Fisheries Service 2001a).

NMFS adopted the following four def-
initions of capacity: 1) technical or pri-
mal; 2) economic; 3) modi� ed economic;
and 4) the weaker variant concept of Jo-
hansen (1968) proposed by Färe (1984).
De� nitions one, technical, and four, Färe, are
both primal-based concepts and have often
been referred to as ‘‘technical-engineering’’
concepts. They focus on output levels and do
not directly consider economic decision-

making by the � rm. On a broader scale, and
when considered relative to empirical infor-
mation, we may actually term concepts one
and four to be ‘‘technological-economic’’
concepts. Albeit they are not directly deter-
mined from economic optimizing behavior,
the economic constraints and decisions are
implicitly embedded in the observed data.
De� nitions two and three de� ne capacity in
termsof theeconomicoptimumrelative tocost
minimization or some other economic objec-
tive of the � rm (e.g., pro� t maximization).

The concept of technical capacity is ‘‘the
level of output of � sh over a period of time
(year, season) that a given � shing � eet could
expect to catch if variable inputs are utilized
under normal operating conditions, for a
given resource condition, state of technology
and other constraints. Fishing capacity is the
ability of a vessel or � eet of vessels to catch
� sh.’’ Although this de� nition is not an eco-
nomic concept of capacity, it does provide a
notion of capacity that can be empirically es-
timated, and one that is partially indicative of
economic optimization since data likely re-
� ect economic constraints and decision-mak-
ing behavior. It also provides a concept con-
sistent with the de� nition of capacity used by
the Federal Reserve, which is the output at-
tainable under customary and usual operating
procedures.

The second proposed de� nition was eco-
nomic capacity, which is based on cost min-
imizing behavior by the � rm. That is ‘‘the
level of output of � sh caught over a period
of time (year, season) where short-run and
long-run average total costs are equal, for a
given � eet size and composition, resource
condition, market condition, state of technol-
ogy, and other relevant constraints.’’

The third proposed de� nition was a modi-
� ed economic capacity measure, which al-
lows for satisfying � rm level objectives such
as revenue or pro� t maximization. That is the
‘‘level of output of � sh caught over a period
of time (year, season) where � rm level objec-
tives are maximized for a given � eet size and
composition, resource condition, market con-
dition, state of technology, and other relevant
constraints.’’

The fourth de� nition adopted by NMFS,
was also a technical de� nition, but based on
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a modi� cation of the short-run capacity con-
cept of Johansen (1968) and offered by Färe
(1984). Johansen (1968, 52) de� ned capacity
as ‘‘the maximum output that can be pro-
duced given the availability of the variable
factors is not limiting.’’ Under the Färe
(1984) concept, which is a weak variant of
Johansen, maximum output occurs when a
� xed factor binds or limits production, but
the variable factors do not limit production.
This is similar to the � rst technical de� ni-
tion, but allows for greater use of variable in-
puts than the ‘‘normal operating conditions’’
found in the former.

Most capacity studies found in the eco-
nomics literature focus on the economic con-
cept of capacity (e.g., Berndt and Fuss 1989;
Berndt and Morrison 1981; Morrison 1985a,
1985b), which is the level of output consis-
tent with the underlying behavioral objective
of the � rm (e.g., the level of output that max-
imizes pro� t, output, revenue, or minimizes
cost). An economic concept of capacity,
which re� ects cost minimizing behavior, is
preferred because it explicitly re� ects deci-
sion-making behavior in response to changes
in economic conditions. For � sheries, how-
ever, cost data necessary for determining the
short and long-run average costs are seldom
available. The National Marine Fisheries
Service (NMFS), therefore, emphasized the
‘‘technological-economic’’ concept of ca-
pacity, which could typically be estimated
given that NMFS maintains data on input and
output quantities for many � sheries. Because
NMFS has national and international obliga-
tions to produce capacity estimates for U.S.
� sheries, it cannot wait until the necessary
cost data are collected to make preliminary
capacity determinations.

A review of various buyoutprograms used
throughout the world to reduce capacity
found that most buyout programs focused on
the capital stock in the � shery, and capacity
was usually estimated in terms of the histori-
cal landings of a vessel, some combination
of vessel physical attributes, or a simple
count of the number of permits attached to
a vessel (Holland, Gudmundson, and Gates
1999). These types of capacity measures,
however, are extremely limited. They do not
permit the determination of the maximum

potential output; recognize that capacity is
determined by the level of the � xed factors;
and they fail to recognize that producers may
not produce at maximum capacity because of
technical inef� ciency.

III. THE NORTHEAST GROUNDFISH
BUYOUT PROGRAM

The Northeast ground� sh � shery is a large
and diverse � shery in the Northwest Atlantic.
Species managed as part of this complex in-
clude cod, haddock, yellowtail � ounder, pol-
lock, witch � ounder, American plaice, win-
dowpane � ounder, winter � ounder, white
hake, red� sh, red hake, silver hake, and
ocean pout. Red hake, silver hake and ocean
pout, are considered ‘‘small mesh species’’
because they are typically harvested by using
a smaller mesh size than the other ten spe-
cies; the other species are typically referred
to as the ‘‘large mesh species.’’ The large
mesh species are caught by vessels, which ei-
ther actively � sh by dragging a net through
the water or passively � sh using gillnet or
hook gear.

In 1999, landings from the ground� sh
complex totaled approximately 51,000 met-
ric tons (MT) with a dockside value
of approximately $101 million (Northeast
Fisheries Science Center 2001). Under
Amendments 5 and 7 to the Northeast Multi-
species Fishery Management Plan (FMP),
� shing activity of ground� sh vessels was
constrained in order to rebuild cod, haddock,
and yellowtail � ounder stocks. The pres-
ent regulatory regime allocates days at sea
to each vessel; a vessel has a � xed, non-
transferable number of days per year it may
� sh. Most vessels are allocated 88 days per
year, although some have been allocated as
many as 164 days per year. Closed areas
have been enacted, on both a year round and
seasonal basis, to reduce � shing mortality
and to protect spawning � sh and juvenile � sh
aggregations. There is also a moratorium on
entry of new vessels into the � shery. Vessels
are only allowed a 1% upgrade in their physi-
cal characteristics based on a combination of
gross tons, horsepower, and vessel length.
These measures have improved resource
conditions of cod, haddock and yellowtail



430 Land Economics August 2003

� ounder stocks on Georges Bank and in the
southern New England � shing areas (North-
east Fisheries Science Center 2001).

The Northeast buyout program was initi-
ated in 1994 to help lessen the economic im-
pacts generated by Amendments 5 and 7 of
the Multispecies Plan. A pilot buyout pro-
gram, designed to test the interest in partici-
pating in a buyout, concluded in February
1996 with the purchase of 11 vessels. Based
on this pilot program, an additional $23 mil-
lion was made available for an expanded
program, which resulted in the purchase
and removal of 68 more vessels (Kitts and
Thunberg 1998). Both buyout programs se-
lected vessels3 based on the ratio of the own-
er’s bid or willingness to sell price to the ves-
sel’s average annual ground� sh revenue,
with revenue being used as a proxy for ca-
pacity. Vessels were ranked by this ratio, and
the vessels with the lowest ratios were se-
lected until the buyout funds were exhausted.
An initial evaluation of the buyout program
indicated the vessels that were purchased ac-
counted for 20.3% of the total revenue and
20.1% of the total landings of the 10 large
mesh ground� sh species (Kitts and Thun-
berg, 1998).

Further evaluations of the buyout program
were done on an annual basis through reports
to Congress (National Marine Fisheries Ser-
vice 2001b). The evaluations consist of mak-
ing comparisons against an established base-
line condition of the pre-buyout � shery in
1996. The immediate results of the buyout
program were a 3.8% reduction in the num-
ber of permits, a 10% reduction in physical
capital, and a 5% reduction in allocated days-
at-sea. Subsequent trends show a further de-
cline in the number of vessels and permits
due to vessel attrition and changes in regula-
tions. However, the total number of used
days-at-sea in 2000 was higher than 1996
levels, even with fewer vessels in the � shery.
Additionally, 63% of the allocated days at
sea are unused, which could lead to further
deterioration of the ground� sh stocks.

IV. METHODS AND DATA

Since cost and earnings data necessary for
estimating the economic concept of capacity

are not available for vessels participating in
the northeast ground� sh � shery, we adopt the
short-run concept of Johansen (1968) and
Färe (1984) to estimate capacity. Färe,
Grosskopf, and Kokkelenberg (1989) dem-
onstrated how data envelopment analysis or
DEA could be used to estimate the Johansen
concept of capacity. Data envelopment anal-
ysis is a mathematical programming ap-
proach originally developed to assess techni-
cal ef� ciency (TE) (Charnes, Cooper, and
Rhodes 1978). The notion of TE originally
examined by Charnes, Cooper, and Rhodes
was the Farrell (1957) concept, which, de-
pending upon an output or input orientation,
projects outputs or contracts inputs along a
ray from the origin. With the Farrell concept,
output or inputs are radially expanded or
contracted until the observation is on the pro-
duction frontier. Coelli (1996) and Russell
(1985) offer a DEA-based measure of TE
consistent with the concept of Koopmans
(1951); under Koopmans concept of TE, the
expansion of outputs or the contraction of in-
puts need not be radial. Both the Coelli and
Russell approaches, however, pose problems
for zero-valued observations; solutions may
not be feasible or obtainable.

Another possible method for estimating
capacity is the stochastic production frontier
(SPF) approach. The SPF approach, how-
ever, has several potential problems. First,
unless a stochastic multiple output distance
function is speci� ed, the SPF approach can
not handle multiple outputs, and many � sh-
eries involve either multiple species or multi-
ple products. Second, the SPF approach does
not accommodate zero-valued outputs; zero
valued outputs for some species or products
may characterize � rm-level production in
many � sheries. For example, in the Northeast
ground� sh � shery, some vessels will not
catch all ten ground� sh species, meaning that
the output for one or more species will be
zero. Third, the SPF approach may impose
omitted variable bias because in the case of
more than one � xed factor, it must omit the

3 Vessels could qualify for the program by demon-
strating that 65% of their � shing revenues were derived
from landings of the ten large mesh ground� sh species
in three out of four years between 1991 and 1994.
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variable inputs from the statistical speci� ca-
tion. Fourth, SPF requires speci� cation of a
particular functional form, which may un-
necessarily impose structure on the technical
interactions.

In this paper, we focus on DEA and the
Farrell concept of TE, which estimates TE
through the construction of a ‘‘best practice’’
frontier. DEA constructs a best practice fron-
tier as a linear, piece-wise combination of
observed maximum outputs given observed
inputs. The reference frontier ‘‘envelops’’
data points with linear segments, and the
technical ef� ciency of all observations are
calculated relative to the constructed refer-
ence frontier. Technical ef� ciency is thus
measured relative to a benchmark level, and
represents actual observed achievements in
similar operations (Färe, Grosskopf, and
Lovell 1994).The DEA technical ef� ciency
metric indicates how close observed produc-
tion is to production corresponding to the
best practice frontier level of output. DEA
is particularly well suited for estimation of
TE for � shing vessels because it easily han-
dles multi-input, multi-output technologies,
which are typical of � shing operations. Addi-
tionally, DEA can easily accommodate zero
valued output for some species without data
transformation.

Färe, Grosskopf, and Kokkelenberg
(1989) and Färe, Grosskopf, and Lovell
(1994) show how the Johansen concept of
capacity for each producer j may be esti-
mated by solving a modi� ed DEA problem.
The Färe, Grosskopf, and Kokkelenberg and
Färe, Grosskopf, and Lovell DEA speci� ca-
tion is as follows:

Max
q, Z, l

q, [1]

subject to:

qUjm # ^
J

j51

ZjUjm, m 5 1, 2, . . . , M, [2]

^
J

j51

Zj Xjn # Xjn, n Î Fx, [3]

^
J

j51

Zj Xjn 5 l jn Xjn, n Î Vx, [4]

Zj $ 0, j 5 1, 2, . . . , J, [5]

l jn $ 0, n Î Vx, [6]

where:

ujm is the quantity of the mth output produced
by the jth producer;
xjn is the quantity of the nth input used by the
jth producer;
q is the technical ef� ciency score;
l jn is the variable input utilization rate; and
zj is a weight used to construct linear seg-
ments of the frontier.

The above linear programming model is
estimated once for each observation in the
data, and the values returned are for q, l,
and z. Inputs are divided into a set of � xed
factors (Fx), and variable factors (Vx), and
there is one constraint for each input. The
value of q calculated by the model is the
reciprocal of an output distance function
and is a measure of technical ef� ciency rela-
tive to capacity production (Kirkley et al.
2001); the value of the inverse of an output
distance function is $1.0. If q 5 1.0, produc-
tion is said to be technically ef� cient;4 if q .
1.0, output or production may be increased
by q 2 1.0. The zj’s allows individual ob-
served activities to be contracted or ex-
panded and constructs unobserved but feasi-
ble activities (Färe, Grosskopf, and Lovell
1994). They determine convex combinations
of observations on the frontier which are also
feasible, and to which observations off the
frontier are projected. Observations projected
onto the frontier are assumed able to attain
the frontier level of output by changing their
operations to be similar to frontier observa-
tions.

Equation 2 constrains theta times the level
of output m for observation j to be less than
or equal to a convex combination of ob-
served output levels of m from other observa-
tions. Equation 3 constrains the � xed produc-

4 The � rms with q value of 1 map out the frontier,
and a convex combination of � rms on the frontier is
also feasible. The DEA model is different than a stan-
dard � rm level optimization problem in that the inputs
and outputs are not the decision variables. We thank an
anonymous reviewer for pointing this out.
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tion factors by setting the left-hand side of
the equation to be less than or equal to the
observed level of the � xed input for observa-
tion j. Equation 4 includes the variable ljn,
which is the input utilization rate by � rm j of
variable input n. This term allows vari-
able inputs to be expanded or contracted to a
level where they are not constraining. The
optimal value l*jn indicates how each variable
factor needs to be adjusted for the observa-
tion to operate at capacity output. For exam-
ple, a value of 1.4 for a particular input
means that a � rm needs to use 40% more of
that input to operate at capacity, while a
value of 0.7 means that the particular input
needs to be reduced by 30%. The above
model constrains the technology to constant
returns to scale. Variable returns to scale,
however, may be imposed by adding the con-
straint:5

^
J

j51

Zj 5 1 [7]

Model Application to the Northeast
Buyout Program

The Färe, Grosskopf, and Kokkelenberg
(1989) DEA speci� cation, with variable re-
turns to scale, was used to estimate capacity
per day in the Northeast ground� sh � shery
for vessels which submitted buyout bids, and
for all vessels eligible to � sh ground� sh in
the Northeast region. The model generated
an estimate of daily capacity conditional on
ground� sh abundance, regulations in place,
and technology of the vessel. That is, the es-
timate of daily capacity assumed a constant
resource abundance, regulations that did not
change, and that vessels had similar technol-
ogy and that no technological change oc-
curred in the time period. Additionally, days
at sea can not be transferred between vessels,
and once a vessel is retired, its days at sea
are also retired. Since there is a moratorium
on entry of new vessels, once a vessel gives
up a ground� sh permit for whatever reason,
the only way for the vessel owner to get back
into the � shery is to buy a permit from an-
other vessel.

An unobservable, but important consider-
ation are differences in the skill level of the
captain and crew between vessels. The DEA
model accounts for these differences because
vessels not on the frontier had their daily ca-
pacity determined by a convex combination
of vessels that are on the frontier. Because
their capacity is being determined by a pro-
jection onto the frontier, the model implicitly
assumes that they should be able to attain
that higher level of capacity as vessels on the
frontier that had better captains and crew.6
Therefore, if a captain and crew from a re-
tired vessel migrated over to another active
vessel, its capacity measure should already
re� ect that transfer of captain and crew skill.
The revenue based proxy which was origi-
nally used to estimate capacity for the buyout
did not account for a transfer of captain and
crew skills.

Since the � shery has been regulated by
constraints on the number of allowable days
at sea, estimates of daily capacity per vessel
were expanded to yearly capacity to deter-
mine total capacity output. An estimate of
annual capacity removed is important for in-
ferring the amount of potential capacity in
the system. For example, two vessels might
have nearly identical daily capacity but have
different levels of allowable days at sea per
year. Annual capacity was subsequently esti-
mated using two different levels of days at
sea. The � rst estimate, assumed that a vessel
� shed all of its allocated days; we refer to
this estimate of capacity output as the maxi-
mum annual capacity. We next estimate an-
nual capacity by multiplying the estimate of
daily capacity by the average number of days
a vessel � shed during a three-year time pe-
riod; we term this latter estimate ‘‘historical
capacity.’’ This latter estimate is believed to
be indicative of ‘‘customary and usual op-
erating procedures’’ for a vessel; we pose
this as an alternative method for estimating
annual capacity output for � sheries that are

5 Variable returns to scale and non-decreasing re-
turns to scale can be imposed on the model due to the
underlying assumption of convexity. The free-disposal
hull model assumes non-convex sets.

6 We thank two anonymous reviewers for raising
this question.
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TABLE 1
Characteristics of Vessels Included in the Capacity Estimation Clustered by Horsepower

Hook
Trawl Vessels VesselsGillnet Vessels

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 1

Number 268 200 304 110 78 96

Gross Registered Tonnage

Minimum 10 7 7 5 9 2
Average 135 28 64 19 30 38
Maximum 250 70 180 64 199 192

Horsepower

Minimum 420 120 275 80 318 120
Average 618 211 352 231 457 325
Maximum 1300 275 450 308 1271 850

Length (Feet)

Minimum 38 29 31 27 35 26
Average 79 46 60 41 47 46
Maximum 136 65 81 69 120 96

not managed with restrictions on the number
of allowable days at sea per year.

Vessels that submitted bids were then
ranked by the ratio of the bid to the follow-
ing: a) maximum annual capacity; b) histori-
cal capacity; and c) daily capacity. This was
done to determine if the ranking criteria dif-
ferentially affected the amount of potential
capacity that would be removed. Vessels
were considered ‘‘purchased’’ when all the
funds available were spent. Total capacity re-
moved was then compared to capacity re-
moved in the actual buyout program.

Vessels and Vessel Data

Vessel data on landings and inputs for
the period 1991–1993 were obtained from
the Northeast Fisheries Science Center
(NEFSC). Outputs were measured as land-
ings per day at sea for each of the ten ‘‘large
mesh’’ species. Output per day was calcu-
lated by dividing total landings for each ves-
sel during 1991 through 1993 by the total
days at sea on trips in which any of the ten
species were landed. This yielded an average
over the three-year time period, and ac-

counted for variability in the data due to en-
vironmental conditions, operational prob-
lems such as breakdowns, and changes in the
regulations. Inputs used in the model were
obtained from vessel permit records. Fixed
inputs included gross registered tonnage
(GRT), vessel length in feet (L), and vessel
horsepower (HWP). A vessel was excluded
from the analysis if data were missing for
any of the three � xed inputs. Vessel crew
size was the sole variable input.

Daily capacity was estimated separately
by vessel gear type in order to keep technol-
ogy the same for all vessels in a group. The
gear types were otter trawlers, gillnetters,
and longline/jigging (hook) vessels. Vessels
were further strati� ed using horsepower as
the clustering variable (Table 1). Based on
conversations with � shermen, the most im-
portant determinant of � shing power is be-
lieved to be horsepower. A total of 1,056
vessels separated into six gear con� guration
and horsepower groups were used in the
analysis. This data set included 118 of the
157 vessels that submitted bids in the ex-
panded Northeast buyout program, of which
56 were bought back.
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TABLE 2
Capacity Removed Using Allocated Days at Sea

as an Expansion Factor

Alternate Ranking Criteria

Expanded Total Daily
Buyout Capacity Capacity

Vessels purchased 56 64 69
Cost ($1,000,000 US) 18.6 18.1 18.2
Total capacity (MT) all vessels 88,717 88,717 88,717
Capacity removed (MT) 8,764 10,124 10,239
Percentage capacity removed 9.9% 11.4% 11.5%
Average capacity per vessel 157 158 148
Average revenue per vessel 361,847 318,861 309,654
Average allocated days at sea 129 128 126
Average days � shed 150 153 155
Average ef� ciency score 1.55 1.64 1.61

V. RESULTS

Based on allocated days at sea, capacity
output removed through the expanded buy-
out program equaled 8,764 mt or 9.9% of the
total estimated capacity of 88,717 mt (Table
2). Using historical days at sea, estimated ca-
pacity removed was 11,567 mt, or 14.5% of
the total estimated capacity of 79,833 mt (Ta-
ble 3).

The expanded buyout program used the
bid-to-average ground� sh revenue ratio to
determine the purchase sequence for vessels.
In this study, we examine two alternative
methods for ranking vessels: 1) the bid to to-
tal capacity ratio; and 2) the bid to daily ca-

TABLE 3
Capacity Removed Using Historical Days at Sea

as an Expansion Factor

Alternate Ranking Criteria

Expanded Total Daily
Buyout Capacity Capacity

Vessels purchased 56 60 69
Cost ($1,000,000 US) 18.6 18.2 18.2
Total capacity 79,833 79,833 79,833
Capacity removed (M.T.) 11,567 13,630 12,719
Percentage capacity removed 14.5% 17.1% 15.9%
Average capacity per vessel 207 227 184
Average revenue per vessel 361,847 363,093 309,654
Average allocated days at sea 129 121 126
Average days � shed 150 160 155
Average ef� ciency score 1.55 1.56 1.61

pacity ratio. Under both schemes, vessels
with the lowest ratio would be purchased � rst
until the funds were exhausted. To compare
the levels of capacity removed with that of
the expanded buyout program, we assumed
that vessels would be ‘‘purchased’’ until the
total expenditure equaled that dollar amount
actually expended on the expanded buyout
vessels.7

Using allocated days as an expansion fac-
tor, and ranking vessels using the bid-to-total
capacity ratio, we estimate that 64 vessels

7 Because of missing vessel data, only 56 of the
original buyout vessels were included in the capacity
measure, for a total expenditure of $18.6 million.
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would have been purchased for $18.1 mil-
lion. Removal of these 64 vessels equates to
capacity being reduced by 10,124 mt or
11.4% of total capacity (Table 2). A slightly
different mix of vessels was purchased than
were purchased under the actual buyout;
also, 14 vessels purchased in the buyout pro-
gram were not selected. Based on the bid-to-
daily capacity ratio criteria, 69 vessels would
have been purchased for $18.2 million, and
thus, 10,239 mt or 11.5% of total capacity
would have been removed (Table 2). Using
the bid-to-daily ratio criteria, 12 vessels
bought out under the expanded program
would not have been purchased.

Estimates of annual capacity based on the
historical number of days at sea were similar
to those obtained using actual days at sea
(Table 3). If vessels to be purchased were tar-
geted based on the bid to total capacity ratio,
60 vessels at a cost of $18.2 million would
have been purchased, and thus, 13,630 mt of
capacity (17.1%) would have been removed.
Sixteen vessels purchased under the ex-
panded program would not have been se-
lected. If daily capacity was used to identify
vessels to be purchased, 69 vessels would
have been purchased. The removal of these
69 vessels would have reduced capacity by
12,719 mt, or 15.9% of the total capacity.
Relative to all the preceding ranking criteria,
the expanded buyout program resulted in the
least capacity being removed. When allo-
cated days at sea were used as the expansion
factor, ranking vessels using the bid-to-daily-
� shing-capacity ratio as a ranking criterion
resulted in the most capacity and greatest
number of vessels being removed (Table 2).
When historical days at sea were used, rank-
ing vessels based on the bid-price-to-total-
capacity resulted in the greatest removal of
capacity (Table 3).

Gates, Holland, and Gudmundsson (1996)
noted that buyout programs like the North-
east buyout program could lead to ‘‘input
stuf� ng’’ because vessels are ranked using
revenue measures. In response to using this
criteria, if vessel owners anticipate subse-
quent buyouts with ranking criteria based on
average ground� sh revenue, they could in-
crease their � shing effort, crew size or other
variable inputs in order to raise their earnings

and increase their capacity estimate. Using
capacity based ranking measures not linked
to revenue such as we have done in a DEA
framework could mitigate this effect some-
what because vessel capacity is determined
by how ef� ciently each vessel uses its capital
compared to other vessels. Simply landing
more � sh does not necessarily advantage one
vessel over another. However, there is a mor-
atorium on entry in the Northeast ground� sh
� shery, and consequently owners will face
pressures to upgrade existing vessels in some
manner in order to increase their landings. A
buyout program using either approach to
rank vessels is unlikely to reduce this incen-
tive. Additionally, over time vessel owners
may be able to determine ways to act strate-
gically even if DEA is used to estimate ca-
pacity, and thereby gain an advantage in the
bidding process.

One important issue, which has not been
addressed, is ‘‘latent effort’’ or idle ground-
� sh capacity. Our capacity estimates did not
include those vessels that had a days-at-sea
allocation, but did not � sh between 1991 and
1993. Only 863 of 1,762 vessels that had a
ground� sh permit in 1996 were included in
our estimate of total capacity.8 If we assume
that our estimates of average daily capacity
are representative of the permitted vessels
that had no activity between 1991 and 1993,
and extrapolate using their allocated days at
sea, total capacity for these vessels would
equal approximately 95,000 mt. This would
reduce the estimated percent of total capacity
removed to 4.8%.

VI. SUMMARY AND CONCLUSIONS

Buyout programs are becoming increas-
ingly popular tools for reducing � shing ca-
pacity throughout the world. One possible
problem with many of the programs, how-
ever, is that administrators managing the pro-
grams may have little or incomplete informa-
tion about the actual level of capacity being
reduced. Measurement of capacity in terms
of historical landings, number of permits, or
physical attributes, which are typical capac-

8 There were 200 vessels that had zero days allo-
cated and were included in the DEA model.
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ity measures used in � sheries buyback or de-
commissioning programs, may substantially
understate capacity or result in inadequate
capacity reduction programs. In this paper,
we offered de� nitions and concepts of capac-
ity that are more consistent with the tradi-
tional economic concepts of capacity; an ap-
proach for estimating capacity when data are
limited to only quantity information; and an
analysis of the Northeast ground� sh buyout
program.

Buyback or buyout programs may bene� t
from having estimates of both vessel and
� eet capacity. With such information, an
agency conducting a buyout may determine
which vessels might be targeted for decom-
missioning; ensure that capacity is matched
to sustained resource levels; and subse-
quently, implement a cost-effective buyout
program (i.e., removal of maximum capacity
at least cost). In this study, we proposed data
envelopment analysis or DEA to estimate ca-
pacity removed by the Northeast ground� sh
buyout program. The weak version of the
Johansen concept of capacity was estimated
by using the framework offered in Färe,
Grosskopf, and Kokkelenberg (1989).

The primary purpose of the expanded
Northeast buyout program was to reduce ca-
pacity in the Northeast ground� sh � shery.
Gates, Holland, and Gudmundsson (1996),
however, suggested a buyout program should
have three general goals: 1) conservation of
� sh stocks; 2) improvement of economic ef-
� ciency; and 3) facilitate making transfer
payments to the � shing industry. Based on
analyses presented in this paper, it appears
that the Northeast program did not accom-
plish the � rst two goals. It did, however, en-
able transfer payments to be made to the
� shing industry.

At the time the Northeast buyout program
was initiated, capacity was based on average
revenue, and decisions about which vessels
to purchase were made based on the bid-to-
average-revenue ratio. Preliminary results at
the time of the expanded buyout suggested
that the purchased vessels represented 20%
of the ground� sh revenue, with revenue be-
ing equated to capacity. Based on the DEA
analysis, we estimated that the expanded
buyout program, using bid to revenue ratios,

reduced capacity by 9.9% of the total esti-
mated capacity of 88,717 mt at a cost of
$18.6 million. This is substantially less ca-
pacity than the agency believed it had re-
moved.

If the DEA-derived estimates of capacity
had been used to rank or target vessels for
decommissioning, 64 vessels could have
been purchased at a cost of $18.1 million; re-
moval of the 64 vessels equates to a reduc-
tion of 11.4% of the active ground� sh capac-
ity. Additionally, 14 of the vessels removed
under the expanded buyout program would
not have been purchased using capacity
based measures. Using the bid to daily capac-
ity ratio rather than the bid to revenue ratio
to rank vessels would have removed more
capacity (11.5%) at a lower cost ($18.2 mil-
lion) than the actual expenditure of $18.6
million.

The expanded buyout program was de-
signed to remove the most capacity, de� ned
in terms of revenue, at the least cost, and was
restricted to vessels earning 65% of their rev-
enue from ground� sh. An advantage of this
program was that it was very transparent to
the participants. That is, each participant
knew the level of their ground� sh revenue
for the time period used to evaluate vessels,
and therefore, could estimate their expected
score. This would not be the case if vessels
were ranked based on capacity estimated
from DEA, unless participants were told their
DEA capacity measure before they submitted
a bid.

If estimates of capacity derived from DEA
had been used to decommission vessels,
however, only slightly higher levels of total
physical capacity would have been removed.
The rules which were in place for the ex-
panded buyout program limited the potential
pool to very active vessels, which for the
most part were the same vessels identi� ed by
the DEA model as having high capacity. This
suggests that revenue based proxies can work
as well as the DEA methods for choosing
vessels where the goal is to remove active
vessels and there is a desire to have transpar-
ent measures.

There remains a problem, however, about
the desired target level of capacity reduction
and the need for better estimates of capac-
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ity. Because the Northeast buyout program
equated revenue with capacity, NMFS appar-
ently believed it was reducing capacity by
20%, when, in fact, the level of reduction
was only 4.8% of total capacity, which in-
cludes latent permits. If NMFS actually had
desired to reduce capacity by 20%, our study
suggests that inadequate funds were allo-
cated by the buyout program to achieve the
desired reduction in capacity. The initial esti-
mate of a 20% reduction in capacity equates
to $1.15 million spent per percentage unit of
capacity reduced ($23 million divided by
20%). Based on the active vessels in our
study, $1.88 million was spent per percent-
age unit of capacity reduction ($18.6 million
divided by 9.9%), suggesting that consider-
ably more than $23 million would need to be
spent to reduce capacity by 20%.

Another problem with the Northeast buy-
out program was that it did not address latent
or idle effort. The GAO report criticized
NMFS because the agency did not take steps
to prevent idle vessels, or vessels that were
relatively inactive, from becoming more ac-
tive and thereby eroding any conservation
bene� ts that might have been realized by the
buyout program. This was a serious problem
in the design of the Northeast buyout pro-
gram as well as other buyback programs. Re-
gardless of how capacity is measured and de-
� ned, the possibility that latent or idle vessels
can expand their activities in a � shery creates
the possibility that a buyback program may
not realize the conservation goal. There are
currently 132,000 permitted days at sea
available to the Northeast � eet, which is be-
lieved to be far higher than the level neces-
sary to sustainably harvest the resource. On
average, only one-third of the available � sh-
ing days are used in any given � shing year.
There is a possibility, then, that as stocks re-
cover, the number of days � shed per year
will increase, and that will undermine the
conservation goals currently in place. This
leaves managers the choice of either reduc-
ing allowable days for all permit holders so
the aggregate number does not exceed the
level necessary for a sustainable harvest; im-
plementing regulations to reduce the ef� -
ciency of vessels; or buying out enough ca-
pacity to reduce allowable days down to a

sustainable level. The design of a buyback
program must, therefore, also include provi-
sions to address the potential problem of la-
tent effort.

A further criticism of the buyout program
was that it did not prohibit the migration of
human capital from purchased vessels, and
the program did not restrict individuals from
using the proceeds from the sale of their ves-
sel to purchase relatively inactive vessels and
start � shing them harder. The GAO esti-
mated that 5% of the conservation bene� ts
gained through the buyout was eroded due to
the transfer of captain and crew skill to other
vessels. Regardless of the accuracy of the
estimate, the potential migration of more
highly skilled captains to other vessels, and
the possibility of formerly inactive vessels
increasing their activities, presents a serious
problem for a buyout program relative to
achieving a desired level of capacity reduc-
tion, particularly for the purposes of conser-
vation of � sh stocks and improving eco-
nomic ef� ciency. While it may be dif� cult to
regulate managerial mobility, if a buyback
program is to achieve the stated goals of con-
servationandeconomic ef� ciency, itwill have
to include restrictions to either prevent in-
creased activity by relatively inactive vessels
or limit the activity of the remaining vessels.

The Northeast ground� sh buyout program
was initiated in response to a perceived crisis
to help rebuild depressed stocks quicker. As
a short term measure, it had the effect of re-
moving some capacity from the � shery, per-
haps making regulation of the remaining ves-
sels somewhat easier. However, the failure to
restrict � shers from re-entering the � shery
and to prevent the activation of latent effort
resulted in no real conservation bene� t. Ad-
ditionally, there was no apparent improve-
ment in economic ef� ciency. Thus, what was
left was a very expensive transfer payment
program.

If further buyouts9 are pursued then the
both the objectives of the buyout and the
funding mechanism need to be clearly speci-

9 A $10 millionbuyout using public funds to remove
further ground� sh capacity in New England is currently
being conducted. The buyout will purchase the permit,
but not the vessel.
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� ed. In the case of Northeast ground� sh,
Congress appropriated the money to pay for
the buyout. However, participants in the
� shery could choose to buyout vessels or
permits themselves. There is also the possi-
bility of mixing public and private � nancing,
as was done in the Alaskan pollock � shery.
If public funds are used for the buyout, the
amount of capacity removed should be made
public, along with the � nal cost of the pro-
gram, and other information such as the mix
of idle and active capacity purchased. For
publicly � nanced buyouts aimed at improv-
ing the condition of the � shery resource,
there should be a clear link between conser-
vation bene� ts and the buyout. Periodic re-
views should be made to determine if total
capacity is increasing; idle capacity is being
activated; and whether any conservation ben-
e� ts brought about by the buyout are being
eroded.

References

Anderson, L. G. 1977. The Economics of Fisher-
ies Management. Baltimore: Johns Hopkins
University Press.

Berndt, E. R., and M. Fuss. 1989. ‘‘Economic Ca-
pacity Utilization and Productivity Measure-
ment for Multiproduct Firms with Multiple
Quasi-Fixed Inputs.’ ’ Working paper no.
2932. Cambridge, Mass.: National Bureau of
Economic Research.

Berndt, E. R., and C. J. Morrison. 1981. ‘‘Capac-
ity Utilization Measures: Underlying Eco-
nomic Theory and an Alternative Approach.’’
American Economic Review 71 (1): 48–52.

Charnes, A., W. Cooper, and E. Rhodes. 1978.
‘‘Measuring the Ef� ciency of Decision Mak-
ing Units.’ ’ European Journal of Operational
Research 2 (6): 429–44.

Coelli, T. 1996. ‘‘A Guide to DEAP Version
2.0.’ ’ Working paper 96/08. Center for Ef� -
ciency and Productivity Analysis. Department
of Econometrics, University of New England,
Armidale, Australia.
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